Haematophagous biting midges of the genus Culicoides are pests of humans, livestock, and wildlife, and some also serve as vectors of bluetongue virus (BTV) and epizootic hemorrhagic disease virus (EHDV) worldwide. In North America, there are only two Culicoides spp. proven to transmit BTV and/or EHDV-Culicoides (Hoffmania) insignis Lutz (Diptera: Ceratopogonidae) and Culicoides (Monoculicoides) sonorensis Wirth and Jones (Diptera: Ceratopogonidae). Culicoides sonorensis is considered the primary vector due to its wide distribution across much of North America, whereas C. insignis has a neotropical distribution historically limited to peninsular Florida. However, Culicoides surveys conducted 2007 to 2015 have detected the presence of C. insignis in five southeastern states (Florida, Georgia, Alabama, Mississippi, and Louisiana), suggesting C. insignis has or is currently experiencing a northwestward range expansion in the southeastern United States. Because C. insignis has a neotropical distribution and is a known vector of BTV serotypes exotic to North America, an expanding range could pose an introduction risk of virus serotypes new to the region and/or increased transmission of circulating endemic serotypes.
springs, streams, ditches, and ponds of both natural and human origin (Blanton and Wirth 1979) . Given the abundance of C. insignis in peninsular Florida and its potential to utilize diverse habitats for development, northern range expansion seems possible under favorable climatic conditions. Since 1999, numerous exotic serotypes of BTV have been detected in the southeastern United States (Gibbs et al. 2008 , Ruder et al. 2015 , highlighting the importance of monitoring the distribution of C. insignis.
In Vigil et al. (2014) we published new records of C. insignis in Mississippi (state records) and in Florida, Georgia, and Alabama (county records). Here we incorporate additional new records of this species from the southeastern United States collected during regional Culicoides surveys from 2007 to 2015, to describe the continuing northwestern range expansion of C. insignis.
Methods
The Southeastern Cooperative Wildlife Disease Study (SCWDS) has been performing Culicoides surveys across the southeastern United States since late 2007 (Vigil et al. 2014) . Surveys were initiated following the detection of multiple exotic BTV serotypes in Florida and the southeastern United States to monitor the region for incursions of exotic Culicoides spp. and distribution changes of native Culicoides spp. From 2007 to 2015, 310 individual sites were surveyed across nine southeastern states. A site refers to a geographical location selected for its wildlife habitat and/or captive animal presence. Although sites varied, most were publicly owned conservation lands or wildlife management areas. Each site was surveyed using 8 to 12 Centers for Disease Control (CDC) miniature light traps (various models, John W. Hock Company, Gainesville, Florida) equipped with either incandescent bulbs (2007-2008 surveys) or UV fluorescent bulbs (2008-2015 surveys) , set for one night per site visit. Some sites were surveyed only once, but most sites were surveyed multiple times within a single year and/or over the course of multiple years. The majority of surveys took place July to September during the peak BTV/EHDV transmission season, although some Florida sites were surveyed on a year-round basis. During 2007-2011, survey sites were primarily located in Florida and the Lower Coastal Plain of Georgia, Alabama, Mississippi, Louisiana, and Arkansas. During 2012-2013, most sites were still located in the Coastal Plain but further inland, and South Carolina was added to the survey region. From 2014 to 2015, surveys were focused further north than in previous years, and Tennessee and North Carolina were incorporated into the survey region. Overall, these surveys include more than 7,000 trap-nights (traps) of insect collections (Table 1) .
All trap processing and Culicoides identification was performed by SCWDS staff. Culicoides spp. were sorted, counted, and identified to species as detailed in Vigil et al. (2014) . Representative specimens of each Culicoides species collected in each trap were identified to species under a dissecting microscope. Specimens of more cryptic species were dissected and slide mounted in a Canada Balsam (Sigma-Aldrich, St. Louis, MO) medium, and then identified to species. Species identification was based on comparisons to published descriptions and morphologies with primary sources including Blanton and Wirth (1979) and Wirth et al. (1985) . Individual counts for each species within traps were not recorded, however, total counts of all Culicoides per trap were recorded, and presence/ absence of each species within a trap or at a site was determined.
Maps were created in ArcGIS (ArcMap 10.2, Environmental Systems Research Institute, Redlands, CA). In-range and outof-range determinations were based on a C. insignis range map published by Kramer et al. (Kramer et al. 1985a) . By superimposing SCWDS' survey data on Kramer's range map, 168 survey sites fall within the historical range of C. insignis: 165 in peninsular Florida and 3 in southeastern Georgia. The remaining 142 survey sites to the north and northwest fall outside C. insignis' historical range: 21 in Georgia, 12 in the panhandle of Florida, and 109 in the remaining survey states (Fig. 1 ).
Results
In SCWDS' Culicoides surveys conducted from 2007 to 2015 across the southeastern US, C. insignis was present at 136 of 310 sites (43.9%) and in 1,049 of 7,065 (14.8%) traps overall. C. insignis presence was most common at Florida sites (123/177 sites, 69.5%). However, C. insignis was also found at 5 of 24 sites in Georgia (20.8%), 3 of 27 sites in Alabama (11.1%), 4 of 30 sites in Mississippi (13.3%), and 1 of 18 sites in Louisiana (5.6%). C. insignis was not detected at any sites in Arkansas, North Carolina, South Carolina, or Tennessee, although these states were less intensively trapped, collectively representing less than 13% of total trapping effort (918 of 7,065 traps). At sites where C. insignis was present, it was detected in 35% of traps in Florida, 16% of traps in Georgia, 16% of traps in Alabama, 5% of traps in Mississippi, and 5% of traps in Louisiana (Table 1) .
These survey results were compared with the last known published range map of C. insignis (Kramer et al. 1985a) . We identified C. insignis at 120 of 168 sites (71.4%) and in 34% of traps within its historical range (981 of 2,889 traps). Outside of its historical range, C. insignis was present at 16 of 142 sites (11.3%) across the Southeast, accounting for 1.6% of traps set in those areas (68 of 4,176 traps). However, looking only at sites where C. insignis was detected, it was present in almost 10% of traps outside its historical range and in 35% of traps within its range (Table 2 ). Fig. 1 shows the sites where C. insignis was detected and indicates the overall percentage of traps at each site that contained C. insignis during the year(s) it was detected.
Discussion
These survey findings document C. insignis far outside the historical U.S. range for this species, including locations in Alabama, Florida, Georgia, Louisiana, and Mississippi, suggesting a northward and westward range expansion. The potential for northward expansion of C. insignis was first proposed in the mid-1980s when it was found in Glynn County, Georgia (Hagan and Wirth 1985) . However, at that time, there was no evidence of C. insignis in Mississippi or Louisiana (Kramer et al. 1985a ) and only scattered and disputed reports from the Florida panhandle (Blanton and Wirth 1979, Wilkening et al. 1985) . By 2009, Borkent and Grogan reported the U.S. C. insignis range to include Florida, Georgia, and Alabama. These data suggest that the range of C. insignis has continued to expand and we have defined its current northern-most range. Interestingly, it appears that despite the expanding U.S. distribution, C. insignis is still currently confined to the Coastal Plain physiographic region (Fig. 1) . Due to constraints of these surveys, we cannot determine if C. insignis is present further west of our current detections. For specific location information on where C. insignis was collected outside of its historical range see Supplementary Table S1 . The surveys were not designed to monitor for a specific species, but rather to capture information about all Culicoides species present in the southeastern United States. Survey sites were not chosen to follow the range expansion of C. insignis, therefore, in many cases the sites with new records of C. insignis were only surveyed during one season. Also, no surveys have been done in the Coastal Plain of North or South Carolina. We suspect the range expansion of C. insignis may involve this region, and it will be targeted for future surveys. Finally, strict abundance data on each Culicoides species within a trap was not collected due to the time-consuming nature of the analysis. Incursions of a widespread Neotropical Culicoides vector species could serve as a source of new BTV serotypes to the Southeastern region. Since the U.S. population of C. insignis represents the northernmost part of a range that extends south through the Caribbean, Central America, and South America, BTV serotypes endemic to these other regions may be transmitted by C. insignis as it expands northward and appears more frequently outside of peninsular Florida. This species may be capable of sustained transmission of exotic BTV serotypes where C. insignis populations have established in the expanded range, or may serve as a source of virus to native ruminant and vector populations in areas of transient incursion. Furthermore, C. insignis may also serve as an additional vector of endemic BT/EHD viruses in areas into which it expands, possibly increasing overall transmission risk.
Patterns of C. insignis presence are difficult to infer from these surveys because most sites were not surveyed in multiple or consecutive years. For instance, of the 136 survey sites where C. insignis was found, only 46 were surveyed for two or more years. It is not evident whether these detections of C. insignis represent established populations. It remains an uncommon species across most of the Southeast (except in peninsular Florida), and even within sites where it has been detected, its presence can be inconsistent year-to-year. Based on the few sites located outside C. insignis' historical range that were surveyed multiple years, it appears that populations emerge but may not be detected a following year. It is unknown whether this lack of detection is due to an absence of C. insignis, or if populations in these areas are so low that their presence is not consistently detected by light trap surveys. Finally, based on these surveys, it is not possible to determine if this apparent range expansion was occurring during the 2007-2015 period or had happened previously. In the future, finer scale, multi-year adult and larval Culicoides surveys in these areas of apparent range expansion will help determine whether these detections represent single or repeated incursions, or if established populations of C. insignis are present.
